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Disclaimer

The contents of this report reflect the views of the authors, who are responsible for the facts and
the accuracy of the information presented herein. The contents do not necessarily reflect the
official views or policies of the Nebraska Department of Transportations nor the University of
Nebraska-Lincoln. This report does not constitute a standard, specification, or regulation. Trade
or manufacturers’ names, which may appear in this report, are cited only because they are
considered essential to the objectives of the report.

The United States (U.S.) government and the State of Nebraska do not endorse products or
manufacturers. This material is based upon work supported by the Federal Highway
Administration under SPR-1(19) (M092). Any opinions, findings and conclusions or
recommendations expressed in this publication are those of the author(s) and do not necessarily
reflect the views of the Federal Highway Administration.”

NOTE: This report uses the term ‘crash’ to refer to vehicular collisions resulting in property damage
and/or injuries and fatalities. However, the term ‘accident’ is also used when referring to legacy items or
when referencing or quoting published literature.
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Abstract

The objectives of the research were to conduct a seasonal investigation of when winter
weather conditions are a factor in crashes reported in Nebraska, to perform statistical analyses on
Nebraska crash and meteorological data and identify weather conditions causing the significant
safety concerns, and to investigate whether knowing the snowfall amount and/or storm
intensity/severity could be a precursor to the number and severity of crashes.

Nebraska Department of Transportation (NDOT) crash data were combined with
meteorological data on winter weather season basis, reported road surface condition at crash
time, and reported weather conditions at crash time. Overall, the key finding of the analysis was
most winter-weather related vehicular crashes in Nebraska were associated with relatively
minimal winter weather conditions. The reported crashes typically occurred either with relatively
low snowfall amounts or as a result of residual snowfall on the ground highlighting the need for
winter maintenance operations activities and public service announcements to continue well after
a storm has exited the region. Another key finding was that most crashes were of lower severity
(i.e., relatively minor injuries) and fatal crashes were rare. An important caveat of this result is
that traffic volumes are typically lower during winter storms and must be taken into account.
This makes the actual risk of a crash larger than the findings of this analysis alone would
suggest.

Modeling of crash injury severity showed higher injury severity associated with icy
pavements; higher visibility associated with greater likelihood of crashes involving visible
injuries but lower likelihood of disabling injury/fatality crashes. Snowfall was associated with
greater visible injury crashes while greater snow depth was associated with fewer visible injury

and disabling injury/fatality crashes. The analysis also showed that the type of weather system

vii



had implications for the frequency of vehicular crashes. These global weather patterns can be
forecast months in advance and allow for long-range strategic planning for transportation
agencies regarding potential expected impacts. Limitations of the research include spatial and
temporal aggregation of weather data, non-availability of winter maintenance activity data (e.g.,

plowing, material application), and detailed traffic counts during winter weather events.
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Chapter 1 Introduction

1.1 Background

Road traffic crashes are a major concern for all transportation agencies as they continue
to take a toll on human lives, injuries, property damage and impose a significant negative impact
on the national economy. The World Health Organization (WHO 2015) in recent years has
strived to recognize the global issue of highway safety owing to approximately 1.25 million
fatalities each year worldwide. These crashes cause a huge impact on the development of health
sectors as they not only hinder growth in public-health sectors but also impede economic
productivity; almost 3 percent of gross domestic product (GDP) is lost annually by countries
worldwide. In addition, insurance services and legal systems are also affected owing to the
economic costs associated with injuries and fatalities. The US Centers for Disease Control and
Prevention (CDC) has highlighted that traffic crashes from 1999 to 2012 in the US were one of
the leading causes of fatalities among all age groups (CDC 2012). Moreover, in 2005 the medical
costs incurred due to fatal and non-fatal road crashes exceeded $99 billion (Naumann et al.,
2010). Given these costs associated with traffic crashes, the CDC have emphasized the need to
reduce traffic crashes and singled out injuries caused due to crashes a high priority “winnable
battle” (CDC, 2014).

Among various factors affecting highway safety, adverse weather is known to be a major
element. Changes in the weather conditions were a key factor when the relationship between
traffic volume and road traffic injuries was analyzed for Southern California (Golob & Recker
2003). The United States Department of Transportation defines “weather-related” crashes as
those that occur in adverse weather conditions such as, rain, snow, sleet, cloudy, severe

crosswinds, fog, or some combination of these conditions. In addition, slick road conditions such



as, snowy, wet, slushy, or icy also account for an increased crash likelihood (USDOT 2014).

Figure 1.1 and 1.2 present weather-related crash statistics from the Federal Highway

Administration (FHWA).
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Figure 1.1 National impacts of adverse weather on roads compared to weather conditions
(Source: FHWA)



Road Weather Conditions

Wet Pavement

Rain

Snow/Sleet

Icy Pavement

Snow/Slushy Pavement

Fog

10 Year Average (2007 - 2016)
860,286 crashes
324,394 persons injured
4,050 persons killed
556,151 crashes
212,647 persons injured
2,473 persons killed
219,942 crashes
54,839 persons injured
688 persons killed
156,164 crashes
41,860 persons injured
521 persons killed
186,076 crashes
42,036 persons injured
496 persons killed
25,451 crashes
8,902 persons injured
464 persons killed

Weather-Related Crash Statistics

15% of vehicle crashes
15% of crash injuries
12% of crash fatalities
10% of vehicle crashes
10% of crash injuries
8% of crash fatalities
4% of vehicle crashes
3% of crash injuries
2% of crash fatalities
3% of vehidle crashes
2% of crash injuries
2% of crash fatalities
4% of vehicle crashes
2% of crash injuries
2% of crash fatalities
1% of vehicle crashes
1% of crash injuries

2% of crash fatalities

10-year Percentages

70% of weather-related crashes
78% of weather-related injuries
76% of weather-related fatalities
46% of weather-related crashes
51% of weather-related injuries
46% of weather-related fatalities
18% of weather-related crashes
14% of weather-related injuries
13% of weather-related fatalities
13% of weather-related crashes
11% of weather-related injuries
10% of weather-related fatalities
16% of weather-related crashes
11% of weather-related injuries
10% of weather-related fatalities
3% of weather-related crashes
3% of weather-related injuries

9% of weather-related fatalities

Figure 1.2 Weather related crashes statistics-FHWA (2007-16)

The national estimates on fatalities attributed to adverse weather show that approximately
24 percent of all highway crashes in the US from 1995 to 2005 were weather related, resulting in
an annual average of 7,400 fatalities and 673,000 injuries (Pisano et al. 2008). It is also reported
that annually in the US, 18 percent of fatal and 22 percent of injury crashes are associated with
poor pavement conditions caused by adverse weather (Pisano et al. 2003).

1.2 Research Objectives

The main objective of this research was to correlate motor vehicle crash data to weather
conditions associated with the time of the crash; the associated objectives were as follows.
1. To conduct a seasonal investigation of when winter weather conditions are a factor in

crashes reported in Nebraska.



2. To perform statistical analyses on Nebraska crash and meteorological data and identify

weather conditions causing the significant safety concerns, and potential implications for
maintenance activities.
To investigate whether knowing the snowfall amount and/or storm intensity/severity

could be a precursor to the number and severity of crashes.

1.3 Report Outline

6.

This research was conducted in six steps.

A detailed literature review of crashes and their association with adverse weather
conditions.

Collection of Nebraska crash data from 2008 to 2018.

Collection of meteorological observations from 2008 to 2018.

Statistical analyses of the traffic crash data.

Statistical analyses of the meteorological data.

Examination of the safety and meteorological information.

Figure 1.3 presents the framework adopted in this research.
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Chapter 2 Literature Review

2.1 An Overview of Traffic Crashes

Highway safety continues to be a concern for all transportation agencies. The estimated
economic cost attributed to the reported motor vehicle crashes exceeds $242 billion annually
(NHTSA 2015) giving ample justification for investigating and reducing the occurrence and
severity of highway crashes. In 2017 over 1.8 million motor vehicle crash injuries and about
34,000 fatalities were reported in the US (NHTSA 2019). Moreover, the major cause of death
among individuals aged 24 years and under was also attributed to the highway crashes (NHTSA
2018). In addition, according to the World Health Organization (WHO), over the next 20 years,
there will be an increase in fatalities and non-fatal injuries by approximately 65 percent if
necessary remedial measures are not taken to improve the current state of road safety across the
World (WHO 2015). With the objective to reduce traffic crashes, the traffic safety literature
contains studies that focus on factors causing crashes as well as their impacts on the society and
economy. Such factors may pertain to the physical transportation network including weather
related features and/or user behavior. Physical factors may include infrastructure vulnerabilities
as well as defects in vehicles while behavioral factors entail different attitudes and practices of
driving such as driving under the influence of alcohol/drugs, reckless or aggressive driving,
violating travel related laws, and fatigued driving, among others (Horberry et al. 2006; Eman et
al. 2014; Taylor et al. 2013; Farooq & Ahmad 2017). Several researchers have also reported on
crash costs and impacts on the economy (Blincoe 2015; Blincoe et al. 2000; Ansariet et al.

2000).



2.2 Traffic Crashes and Adverse Weather Conditions

Adverse weather contributes to traffic crashes in many ways such as from reduced
visibility, loss of friction between vehicle tires and roadway surface, loss of stability due to high
winds/gusts, etc. (Golob & Recker 2003). Ashley et al. (2015) showed that the number of
fatalities due to weather related vehicular crashes exceeded the number of fatalities caused by
eminent natural hazards such as floods, tropical cyclones, lightening and tornadoes. Furthermore,
inclement weather conditions made up about 24 percent of traffic incidents across the U.S.
(Pisano et al. 2008).

Among weather conditions that impact crashes, there are more studies in the literature
that discuss crash relationship to snowfall, rainfall, and ice pellets compared to studies done on
crash relationships to other weather conditions (Jaroszweski & McNamara 2014; Yu & Abdel-
Aty 2014; Brijs et al. 2008; Khattak & Knapp 2001). The influence of temperature and rainfall
on the aggregate numbers of injury crashes and casualties was studied by Scott (1986) who
modelled monthly crashes in the UK from 1970 to 1978. In the United States, more than 70
percent of roads sustain snow during the winter season, receiving more than five inches of
snowfall every year. Also, 70 percent of US population hails from regions encountering yearly
snowfall. The risk of crash substantially increases due to snow and ice on pavements because
they reduce the necessary pavement friction and vehicle maneuverability. Owing to this, roads
affected by snow and ice experience reduced vehicular speeds, reduced level of service, and
subsequent high crash risk (FHWA 2019). It is reported that 17 percent of all vehicle crashes
occur during winter conditions (NHTSA 2019).

Snow and ice not only reduce the needed friction between vehicle tires and pavement

surface but also reduce vehicle maneuverability, affecting overall roadway capacity and thereby



contributing to additional crashes. Slushy pavements due to accumulation of snow for long
periods reduce the mean arterial roadway vehicular speed by 30 to 40 percent while the reduction
in freeway vehicular speeds is between 3 to 13 percent due to light snow and 5 to 40 percent in
response to heavy snow. Snow accumulation affects travel times and reduces the overall capacity
of the network. It is also reported that snowy weather conditions such as accumulation of snow,
slush or ice on pavements cause 24 percent of annual traffic crashes while 15 percent of the
annual traffic crashes are caused due to sleet and snowfall (Weng et al. 2013).

The total annual fatalities reported due to snowy, icy and slushy pavements are over
1,300 in the US however, around 116,800 road users sustain non-fatal injuries. Snowfall and
sleet cause an annual 900 fatalities and 76,000 injuries in the US, besides increasing road and
vehicular maintenance costs (FHWA 2019). Another important weather condition affecting crash
rate is rainfall, which is responsible for the greatest number of weather-related crashes (Edwards
1999; Qiu and Nixon 2008). Rain causes crashes through a combination of several physical
effects that challenge the driving environment, including a loss of friction between vehicle tires
and road surface and impaired visibility through rain on the windshield and spray from other
vehicles. Due to the combination of such adverse factors, the resulting strain on a driver’s
cognitive capacity leads to increased Crash rates (Cairney & Bennett 2008; Elvik 2006).

Heqimi et al. (2018) conducted a study in Michigan aimed at analyzing how annual
snowfall affects crash rates by using spatial interpolation. The study was carried out at non-
interchange freeway sections in Michigan from 2004 through 2014 and data were obtained from
a series of weather stations during winter seasons. The authors utilized a Negative Binomial
regression model to quantify how snowfall affected the occurrence of on-road crashes. It was

observed from the study that snowfall had a statistically significant relationship with the risk of



crash involvement. The study also highlighted that among different vehicular types, trucks and
buses encountered the highest number of crashes during snowfall (Heqimi et al. 2018).

Eisenberg (2004) investigated the impact of precipitation on traffic crashes by analyzing
crash data from 48 states in the US from 1975 through 2000. A Negative Binomial regression
model was estimated based on two different analysis units i.e. state-month and state-days. The
analysis revealed a negative relationship between the rate of monthly fatal crashes and monthly
precipitation. However, for daily recorded data, it was observed that for every 1 cm rise in
precipitation level, the likelihood of fatal crashes increased by 3 percent.

Sometimes in an event of extreme winter weather, a traffic crash may cause additional
crashes, called chain reaction or multi-vehicle crashes. These crashes involve a chain of crashes
related to one another. Call et al. (2018) highlighted these crashes where the occurrence of a
single crash led to additional crashes because of an unexpected stoppage in traffic flow in
adverse weather conditions. The authors investigated chain crashes by setting a minimum
criterion of 10 vehicles in a multi-vehicle crash. It was observed that 25 percent of the crashes
were reported during snowfall or blowing snow conditions. The study also highlighted that major
multi-vehicle crashes occurred within an hour of high snowfall rates due to sudden reduction in
visibility and rapid deterioration of road conditions under snow pileups. In the same manner,
Black & Mote (2015) identified the likelihood of chain reaction crashes increased during evening
peak hours owing to higher traffic volume. Unlike most previous studies that utilized monthly or
annual crash data, Tom et al. (2008) utilized daily crash counts to investigate the effects of
weather conditions on crash rates. The study also modelled the data in a time series context to
account for temporal serial correlation in the data. The study introduced a new integer

autoregressive modelling approach to model crash count data with time interdependencies. The



results showed that weather related factors such as wind, temperature, precipitation, sunshine etc.
were predominant factors affecting the daily counts of vehicle crashes (Brijis et al. 2008).

In the 2019 annual report of traffic crash facts, the Nebraska Department of Transportation
(NDOT) reported 36,706 crashes for 2019 with 212 fatal crashes (248 total fatalities) and 11,939
injury crashes (NDOT Traffic Crash Facts, undated). Nebraska can experience extreme cold
weather conditions such as recurring snowfall, icy and snowy pavements, and sleet etc. and
therefore, there is merit in investigating the effects of adverse winter weather on traffic crashes.
Moreover, as the weather community continues its efforts to provide improved Impact-Based
Decision Support Services (IDSS) to build a Weather Ready Nation, it is becoming essential for
forecasters to not only understand how to predict the weather but also estimate the consequences
that extreme weather conditions may cause, such as traffic crashes (Uccellini and Hoeye 2019;
Petr 2019). The traditional approach has relied on the analysis of weather information captured
in the crash report. However, given advances in intelligent transportation systems and
innovations in the field of Meteorology there is a compelling rationale to study detailed Nebraska

weather conditions and the impacts on traffic crashes.
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Chapter 3 Data Collection and Merging

The data collection process for this research consisted of obtaining crash data from
NDOT for 2008-2018 and merging it with detailed meteorological data (e.g., temperature,
visibility, snowfall depth etc.) for the same years. Details of crash and weather data are presented
in this chapter.
3.1 Crash Data

Raw crash data for 2008-2018 received from NDOT were compared to the official
NDOT annual crash reports and it was noted that the highest number of crashes were recorded in
2018 while 2012 had the least reported crashes (table 3.1). The differences in the raw crash data
and the annual crash reports were due to inclusion of crashes that did not meet the estimated

$1,000 damage threshold in the raw data.

Table 3.1 Observed difference between crashes in NDOT raw crash data and official annual
crash reports

Year Crash Data Annual Crash Report
2008 53406 34604
2009 53606 34665
2010 52208 33212
2011 50136 32302
2012 47375 30443
2013 48429 31377
2014 49816 32318
2015 51851 33988
2016 52999 34890
2017 52554 34999
2018 53565 36117

As the study was focused primarily on crashes reported during adverse winter weather

conditions, an in depth data filtration process was carried out. At first, the annual crashes were
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converted to seasonal crashes by excluding summer crashes and including crashes that were
recorded from October of the previous year to May of the subsequent year (fig. 3.1). This
process resulted in a significant reduction in the number of crashes and it was observed that
2017-2018 had the lowest recorded crashes whereas 2009-2010 had the highest number of
crashes i.e. 21,382.

The next step of data filtration was reducing the crash dataset to those reported during
adverse winter weather conditions. This was accomplished by using multiple variables available
in the dataset: road surface condition (Variable 1), weather condition I (Variable 2), weather
condition II (Variable 3), road classification (Variable 4), alcohol use (Variable 5) and crash
severity. The first filter was applied to the road surface condition and only crashes where the
road surface condition was snow, ice, slush, or wet were included. Thenceforth, crashes were
further reduced based on weather condition I and weather condition II as presented in figure 3.1.
Crashes where Variable 1 was wet were only kept if Variables 2 and 3 had either snow or ice. In
Variable 4, crashes on local roads/streets and recreational roads were excluded and to make sure
crashes were only associated with adverse weather conditions, crashes involving alcohol usage
were excluded. Crashes with property damage only were excluded i.e., crashes resulting in
possible injury, visible injury, disabling injury or fatality (fig. 3.1) were retained. Note that
disabling injury is referred to as suspected serious injury from 2015 onward.

The final analysis dataset had considerably fewer crashes than the original raw dataset;
the highest number of crashes were reported during 2009-2010 while the fewest were reported
during 2011-2012. Figure 3.1 presents the percentage reduction (reported in parenthesis) in the

number of crashes between the original and the final analysis datasets.
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2008-2009 —»15,806
2009-2010—21,382
2010-2011—» 15,964
2011-2012—10,752

2012-2013—13,447
2013-2014—12,652
2014-2015—13,541
2015-2016—14,379
2016-2017=—» 13,184
2017-2018=—»9,018

Applying Winter | \\DOT Winter Season | Reduction in
Weather Filters Data (Octob £ Cases
| a a.( ctober o R
NDOT Raw Crash previous year-May of
Data subsequent year)
Further
Filtering
Variable of
Interests
Var Las S . ll:: ?lltz};ierig Var 4 as Highway, Acquisition of
ar 1 as snow, 1ce, Variable of Highway Ramp, Interstate | Final Number
Slush, Wet: Var 2 as i of Crashes
Blowine Snow. Soil. Dirt Interests Mainline, Interstate
S dg al ,Cl ’d _— Ramp, Interstate Rest >
or Sand, 1ear, Lloudy, Area/Scale: Var 5 as No Percentage
Fog, Smog, Rain, Snow, Reduction

Sleet, Severe Cross
Winds, Not stated: Var 3
as Blowing Snow, Soil,
Dirt or Sand, Clear,
Cloudy, Fog, Smog, Rain,
Snow, Sleet, Severe Cross
Winds, Not stated

Variable (Var) 1: Road Surface Condition
Variable (Var) 2: Weather Condition I
Variable (Var) 3: Weather Condition II
Variable (Var) 4: Road Classification

Variable (Var) 5: Alcohol Use

Variable (Var) 6: Crash Severity

Alcohol Use: Var 6
Possible Injury, Visible
Injury, Disabling Injury,
Fatal

2008-2009 —» 552 (3.5%)
2009-2010— 815 (3.9%)
2010-2011 —p641 (4.1%)
2011-2012 —»297 (2.8%)
2012-2013 —»-474 (3.5%)
2013-2014 =350 (2.8%)
2014-2015 —301 (2.3%)
2015-2016 —» 344 (2.4%)
2016-2017 —»327 (2.5%)
2017-2018 —»-411 (4.6%)

Note:

Var 1 if “Wet” was kept,
when Var 2 and Var 3 were
“Snow” or “Ice”

Figure 3.1 Data Filtration Process
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3.2 Weather Data

To better understand weather conditions at the crash location, surface air temperatures,
snowfall amounts, visibilities, and surface wind speeds as well as atmospheric conditions above
the surface layer were obtained to augment the crash reports with detailed weather conditions.
Surface weather parameters for the location and time of the crash were interpreted from archived
automated surface observing system (ASOS) sites across Nebraska (Iowa Environmental
Mesonet 2020). If a parameter had missing data at the ASOS station, data for the next closest
time was obtained. If data at the next closest time was also missing, the next closest ASOS
station was used for the original time of the crash. Air temperature data were chosen as a
parameter to see if the surface condition would be frozen or not and with colder air temperatures
the snowfall would be considered dryer than air temperatures associated near the freezing point.
It should be noted these are air temperatures which are taken 5-ft (1.5 m) above the ground
surface and may or may not represent the actual road surface temperatures. Visibility and wind
speed data were obtained to represent whether there could be blowing snow at crash time.

Daily total snowfall data were obtained for a three-day window, starting two days prior to
the crash, the day before the crash, and the day of the crash, using the National Operational
Hydrologic Remote Sensing Center (NOHRSC) archive (NOHRSC 2020). Snowfall is usually
reported around the 12 coordinated universal time (UTC, the primary time standard for
regulating clocks and time) time frame each day. This is not a midnight to midnight observation
period; however, more of a 6:00 am local time to 6:00 am local time the next day time frame. It
necessitates the creation a weather day and not a calendar day for the analysis of crash data to
better match with the weather parameters, especially the snowfall data. Therefore, all the weather

data were collected on a 12 UTC to 12 UTC time frame for analysis periods (see fig. 3.2). Six-
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hour snowfall totals were obtained for one day before as well as the day of crash. Snowfall is
usually reported around the 12 UTC time frame, so the six-hour totals covered the following
times: 12-18 UTC, 18-00 UTC, 00-06 UTC, and 06-12 UTC. Crashes were then assigned to a

six-hour period. A three-day snow snowfall total also was calculated by adding up the daily

snowfall totals before the crash.

Figure 3.2 Weather Day Versus a Normal 24-hour Period.

The National Weather Service (NWS) radar data were obtained to help determine if
precipitation was falling at the location for the time of the crash (Iowa Environmental Mesonet
2020). The radar data were also obtained to determine how long the snowfall was occurring prior

to a crash. Since radar observations are taken every five minutes, radar data were only obtained
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